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SLUMP RETAINING POLYCARBOXYLIC
ACID SUPERPLASTICIZER

TECHNICAL FIELD

The present invention relates to a polycarboxylate cement
dispersant having a triple-control capacity of cement concrete
fluidity change with time, thus, belongs to the technical field
of concrete admixtures.

BACKGROUND ART

The unprecedented scale of national infrastructure devel-
opment has brought forward higher requirements for high
performance concrete, and also posed a great challenge. The
complex for structure of constructions and automation of
construction methods require that the fluidity of high perfor-
mance concrete to hold longer, and the high performance
concrete itself, using a lot of mineral admixtures and additives
with a variety of functions also makes it harder to maintain the
fluidity. Moreover, due to the vast territory and significant
seasonal variation of China, the quality and properties of
concrete raw materials vary greatly, the quick loss of fluidity
for fresh concrete during mixing and transporting often
encounters. The insufficient capability for slump retention of
concrete has brought a lot of problems for project construc-
tion and quality of concrete, especially in the summer, under
high temperature, when the slump of concrete is relatively
low or there is the demand for super long time slump, this
phenomenon becomes even more pronounced. The reasons
are as follows: the quick loss of slump was caused by the
acceleration of cement hydration and water evaporation due
to high temperature in summer; concrete with relatively low
slump may encounter fluidity loss in short time due to its low
content of free water in the system; the prolonged time for
concrete construction has led to the increase of cement hydra-
tion products, and the fluidity loss may gradually occur if the
generated hydration products are not going to be dispersed
with extra dispersant in the concrete system. Therefore, the
natures of fluidity loss caused by a variety of factors are not
the same, and the time requirements for supplement of dis-
persant are not the same either.

With the advantages of low dosage, high water reduction,
better slump retention than naphthalene superplasticizer,
reducing concrete shrinkage, no pollution during preparation
and so on, the polycarboxylate superplasticizer has become
an indispensable key ingredient in preparing high perfor-
mance concrete and also become a hot research topic. After
the rapid development in recent years, the polycarboxylate
superplasticizer has been greatly improved in water reducing
capability, which indirectly led to the gradual decrease of the
dosage for polycarboxylate superplasticizer in concrete sys-
tem, and also gradually exposed the insufficient slump reten-
tion capability of the concrete mixed with polycarboxylate
superplasticizer.

In order to solve the issues quick fluidity loss of concrete
mixed with polycarboxylate superplasticizer, researchers in
related fields at home and abroad have done a lot of research.
In addition to traditional methods of retarding, currently the
most effective method to ease the concrete fluidity loss is to
add slump-retaining component, and many patents have pub-
lished the preparation methods of the associated polycar-
boxylate polymers with the function of slump retention.

Patent CN101786824A discloses the preparation method
of a sustained-release polycarboxylate water-reducing agent,
this method is made through the radical aqueous copolymer-
ization of polyoxyethylene ether macromonomer containing
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unsaturated double bond, (methyl) acrylic acid, unsaturated
sulfonic acid or its monomer, monoolefins acid derivatives
and diene carboxylic acid derivatives, and then neutralized
with alkaline solution. The polycarboxylate water-reducing
agent prepared through this method has the effect of prevent-
ing the fluidity loss due to long time transportation, however,
the no dispersed effect at initial stage may cause the issue of
high dosage when using as complex together with general
polycarboxylate water-reducing agent, and the polymer in
this structure needs longer time before it can have the effect of
slump retention, therefore, it cannot solve the problem of
quick fluidity loss due to the acceleration of cement hydration
under high temperature in summer, which has significant
limitation.

Patent CN101357833 A discloses a slump-retaining type
polycarboxylate superplasticizer; this method adopts part of
the unsaturated polyether macromonomer to replace the
unsaturated macromonomer to improve the stability of the
molecular structure of polymer under the strong alkaline
environment of cement, so as to improve the capability of
slump retention. Meanwhile, itaconic acid was introduced
into polymer molecular as adsorption group to improve its
capability of slump retention. The polycarboxylate super-
plasticizer prepared through this method has stronger disper-
sion capacity, but due to no sustained-release groups in the
molecule, it is unable to meet the needs of later age dispersion
of concrete system, thus, there is still great room for improve-
ment.

Patent CN102093521A discloses the preparation method
of'a polycarboxylate high slump-retaining agent; this method
adopts the copolymerization of polyethylene glycol allyl
polyether, maleic anhydride, maleic anhydride polyethylene
glycol diester and acrylic acid, and then the neutralization by
adding alkali. This method took the advantage of not requir-
ing water carrier during the esterification of anhydride and
reduced pollution; however, due to the low activity of poly-
merization of allyl polyether, maleic anhydride and its deriva-
tives, there is a certain degree of difficulty for the polymer-
ization, so that there is still great room for improvement.

In summary, we can see that, due to the limit of molecular
structure of the existing technology, only certain aspect of the
integrated problem that has been encountered during the use
of concrete can be met, such as, most polymers with long
slump-retaining time have relatively low water reduction, and
cannot present the effect of slump-retaining in short time,
thus cannot meet the requirement of some concretes for
slump-retaining in short time, while the slump-retaining
agent which can meet the short-term needs cannot last long
enough. Therefore, it is very necessary to develop a fully
functional slump-retaining type polycarboxylate superplasti-
cizer of high performance, which can quickly present its
effect and can remain functional, to solve the issue of the
fluidity loss of modern high performance concrete.

SUMMARY OF INVENTION

The present invention is aiming on providing an efficient
slump-retaining type polycarboxylate superplasticizer in
respect to the insufficiency of existing technology, this super-
plasticizer has gone through special molecular design which
makes polymer molecular have the capability of multiple
regulation to concrete fluidity, having effectively solved the
issues of quick fluidity loss of concrete in short time after
mixture, and also avoided the defects caused by adding water
or extra additives at site due to insufficient fluidity of the
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concrete, such as, degradation in performance, decrease in
economy of concrete and increase in difficulty of construc-
tion.

Alarge number of experiments proved that ester hydrolysis
can occur in alkaline environment of cement and gradually
generate carboxylic acid group (—COO—); moreover, it was
also found that different types of ester have different rates for
hydrolysis, which causes the difference of rates in the gener-
ating of carboxylic acid groups by molecules. The present
invention has presented a slump-retaining type polycarboxy-
late concrete superplasticizer which has ester groups with two
different release rates simultaneously in one molecular,
enabling it to have the capability of multiple regulation to
concrete fluidity in the concrete system.

The superplasticizer described in the present invention is
with weight-average molecular weight of 20,000 to 80,000,
which is obtained through polymerization reaction of mono-
mer A, monomer B, monomer C and monomer D in aqueous
solution with the existence of redox initiator, the molar ratio,
(monomer A+monomer B):monomer C:monomer D, is
1:3~8:4~12, wherein, molar ration of monomer A and mono-
mer Bis 1:1~4.

Monomer A is represented by general formula (1):

M
Ry

| H I
H,C=C—X—C —C —Oj—H

In general formula (1), R, represents H or CH;; X—0O,
CH,0O, CH,CH,O; p represents the average addition molar
number of ethylene oxide, which is integer between 110 and
350, preferably between 135 and 230.

Monomer B is represented by general formula (2):

@
R,

O
Ll H I
H,C=C—C—0—C —C —O0}—R;

In general formula (2), R, represents H or CH;; R, repre-
sents alkyl having carbon number of 1~4; n represents the
average addition molar number of ethylene oxide, which is
integer between 20 and 90.

Monomer C is represented by general formula (3):

(©)
(€]

H,C=C—C—O0M

In general formula (3), R, represents H or CH;; M repre-
sents hydrogen atom, alkali metal ion, alkaline earth metal
ion, ammonium ion or organic amine group.

Monomer D is represented by general formula (4):

“
Rs O CH;

H

Lol _(Hz )_(Hz | )_
H,C=—=C—C—0—C —C —O)C C —CH-0O g H

In general formula (4), R represents Hor CH3; x and y are
respectively adduct number of moles of ethylene oxide and
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propylene oxide, wherein, x=0 or 1, y=0 or 1, and x and y
don’t equal to 0 or 1 simultaneously.

Monomer A in general formula (1) of the present invention
represents unsaturated polyether macromonomer, in general
formula (1), when R, represents H, the unsaturated mac-
romonomer it represents includes: polyethylene glycol vinyl
ether, polyethylene glycol allyl ether and 3-buten-1-alcohol
polyglycol ether; when R, represents CH,, the unsaturated
macromonomer it represents includes: polyethylene glycol
methallyl ether and 3-methyl-3-butene-1-alcohol polyglycol;
these monomers can be used separately or in a mixture of over
one of the above in any proportion. The inventors found that,
when the comb-shaped polymer molecule contained a longer
side-chain, the lump-retaining type polycarboxylate super-
plasticizer was with better capability of slump retention.

Monomer B represented by general formula (2) in the
present invention is (methyl) polyethylene glycol acrylate
macromonomer, the acrylate macromonomer represented by
it includes: methoxy polyethylene glycol acrylate, ethoxy
polyethylene glycol acrylate, propoxy polyethylene glycol
acrylate, butoxy polyethylene glycol acrylate, methoxy poly-
ethylene glycol methacrylate, ethoxy polyethylene glycol
methacrylate, propoxy polyethylene glycol methacrylate or
butoxy polyethylene glycol methacrylate.

The said polymer monomer B in the present invention was
an important component for controlling the first layer sus-
tained-release slump retention capability of the polymer
molecular. Firstly, monomer B is part of the polymer molecu-
lar side-chain, which can provide strong steric hindrance to
achieve good dispersion capabilities; secondly, the ester bond
in monomer B is gradually generating carboxylic acid groups
through hydrolysis, and reducing the coverage of existing
carboxylic acid groups in the molecular to increase adsorp-
tion capacity of the polymer molecules in short time, provid-
ing rapid compensation to early losses on the fluidity of
concrete.

The molecular weight of the said polymer monomer B in
the present invention was an important component for con-
trolling the first layer sustained-release rate of the polymer
molecular. The larger the molecular weight is, indicates the
longer the segment is, and the more existing carboxyl groups
it covers, also the more adsorption groups are exposed along
with its hydrolysis. Therefore, the molecular weight of mono-
mer B can be adjusted according to the actual need, so that to
adjust the release rate of polymer dispersion capacity.

The dosage of the said polymer monomer B in the present
invention was an important component for controlling the
first layer sustained-release rate of the polymer molecular,
through adjusting the dosage of monomer B, the early disper-
sion compensation efficiency can be flexibly regulated.

Monomer C in general formula (3) of the present invention
represents carboxylic acid monomers or carboxylate, in gen-
eral formula (3), R, represents H or CH;, and the carboxylic
acid monomers it represents are acrylic acid and methyl
acrylic acid or methacrylate. Monomer C, as provider of
initial adsorption groups in the polymer, enables the slump-
retaining type polycarboxylate superplasticizer with certain
initial dispersion capacity and molecular polarity, which
ensures a good compatibility water reducing rate and the
superplasticizer.

Monomer D in general formula (4) of the present invention
represents hydroxy ester unsaturated small molecules. In
general formula (4), when Ry represents H, the unsaturated
small molecular monomer D it represents is hydroxyethyl
acrylate and hydroxypropyl acrylate; when R; represents
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CH,, the unsaturated small molecular monomer D it repre-
sents is hydroxyethyl methacrylate and hydroxypropyl meth-
acrylate;

The said monomer D in the present invention was an
important component for controlling the second layer sus-
tained-release slump retention capability of the polymer
molecular. Firstly, monomer D has diluted the adsorption
group density of the molecular main chain, and has reduced
the adsorption power of polymer molecular certain degree,
which makes the said polymer molecular in the present inven-
tion be able to avoid being adsorbed by cement particles at
initial stage of cement system, thus to stay in the cement
system solution for longer time, so that it can be used by the
later age dispersion compensation; secondly, the ester key in
monomer D gradually generated carboxylic groups through
hydrolysis, thus gradually increased adsorption power of
polymer molecular and gradually increased the content of
adsorption groups in main chain, so that to facilitate the
polymer to have stronger impetus to adsorb the cement par-
ticles or newly generated cement hydration product continu-
ously, thus to achieve the effect of continuous dispersion of
cement past.

The dosage of the said monomer D in the present invention
was an important component for controlling the duration of
second layer sustained-release rate of the polymer molecular,
different slump-retaining time can be adjusted through the
dosage of monomer D, so that to facilitate the implementation
of' molecular structure design according to the actual needs of
the construction.

As for the said redox initiator in the present invention, the
oxidant is hydrogen peroxide of mass concentration not
higher than 30%, reducing agent is selected from any one of
sodium bisulfite metabisulfite, sodium bisulfite, sodium
dithionite, ammonium ferrous sulfate, L-ascorbic acid, and
arabo-ascorbic acid or sodium formaldehyde sulfoxylate, in
accordance with the most suitable initiating rate of radical
polymerization described in the present invention, the pref-
erable reducing agent is [.-ascorbic acid or sodium formalde-
hyde sulfoxylate.

In order to improve the quality of products, the amount of
oxidant used in the present invention accounts for 2~10% of
the total number of moles of monomer A, monomer B, mono-
mer C and monomer D, and that of the reducing agent
accounts for 0.5~5% of the total number of moles. The oxi-
dant in the said redox system was added into the reactor
before the start of reaction, and the water solution of the
reducing agent was added into the reactor by dripping after
the start of the reaction.

In the present invention, the weight-average molecular
weight of comb-shaped copolymer concrete superplasticizer
for concrete of weight-average molecular weight must be
controlled at between 20,000 and 80,000, if the molecular
weight is too small and too big, it is bad for the dispersion
capacity and slump-retaining performance of concrete. There
are many methods for the control of molecular weight in
radical polymerization, such as, using polymerization inhibi-
tor, using unsaturated monomer with chain transfer function
for copolymerization or chain transfer agent; the present
invention preferably adopts chain transfer agent to control the
molecular weight of polymer, the chain transfer agent suit-
able for the present invention can either be selected from one
of mercaptoethanol, mercaptoacetic acid, 2-mercaptopropi-
onic acid or 3-mercaptopropionic acid, or the mixture of the
above two in any proportions. The amount of chain transfer
agents used is 0.5~5% of the total number of moles of mono-
mer (A+B+C+D).
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The amount of the said oxidants, reducing agents and chain
transfer agents used refers to the amount of active ingredients,
if solution is used, then the amount refers to the amount of
active ingredients after removing the solvent.

Upon the implementation of the present invention, mono-
mer A and oxidant were added into the reactor prior to the
reaction, thus to enhance the conversion rate and polymeriza-
tion activity of monomer A; aqueous solution of monomer A,
monomer B, monomer C, monomer D, chain transfer agent
and reducing agent were added into the reactor after the start
of' the reaction through dripping.

Upon the implementation of the present invention, the
controlling of higher concentration of polymerization was
carried out under 30~60 wt % and lower polymerization
temperature of 30~60], the duration for dripping of mono-
mers and reducing agent was controlled at between 2 to 6 h.
Polymerization time is controlled from 5 to 10 h. After the
polymerization reaction, adding alkaline compounds into the
reaction products to adjust pH value to 6~8, the said alkaline
compounds can select aqueous ammonia, organic amines,
monovalent or divalent metal hydroxides or carbonates.

The molecular structure changes may take place to the
slump-retaining type polycarboxylate superplasticizer pre-
pared through the method in the present invention under the
environment of alkaline cement; it will consequently present
excellent dispersion performance during different time peri-
ods and can achieve the continuous dispersion to the concrete
through the unique triple dispersion regulation of the poly-
mer. Firstly, unsaturated polyether monomer was introduced
into the polymer structure as side chain of molecular. Extend
the side-chain length to delay the time of polymer being
buried by cement hydration products, thus to achieve the
effect of continuous dispersion and slow down the early age
fluidity loss of concrete; secondly, macromolecular ester side
chain that can be decomposed through alkaline hydrolysis is
introduced into the polymer structure. This type of side chain
has two aspects of eftect: [] before hydrolysis, it can provide
steric hindrance effect achieve good dispersion capability; []
after the hydrolysis, the side chain oft, while generating car-
boxylic groups, the carboxylic groups previously covered by
side chains were exposed, which greatly increased the inten-
sity of existing adsorption groups in polymer molecular,
enabling the slump-retaining agent molecular to achieve
stronger adsorption power in short time, providing rapid com-
pensation to dispersion capacity of concrete; thirdly, small
molecular esters in polymer will gradually increase the con-
tent of carboxylic groups through slow hydrolysis under alka-
line environment, gradually improving the adsorption power
of the polymer molecular for continuous adsorption to
achieve the purpose of long-time slump retention.

The conventional dosage of the said slump-retaining type
polycarboxylate superplasticizer in the present invention
180.02% of the total mass of the cement concrete cementitious
material, and the best dosage must be validated through on-
site mixing experiments of concrete according to the actual
needs of the construction. If the amount added is less than
0.02%, the effect of slump retention won’t be satisfactory. On
the contrary, if the dosage is too much, the slump retention
capacity may be so strong that it may cause back-propagation
of fluidity of concrete at later age, or even cause concrete
segregation, bleeding, and other situations of the deteriora-
tion of concrete.

The said slump-retaining type polycarboxylate superplas-
ticizer in the present invention can be used separately, or can
also be used together with at least one superplasticizer
selected from the known superplasticizer of existing technol-
ogy, such as, amino sulfonic acid-based superplasticizer, lig-
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nin-based superplasticizer, as well as polycarboxylate super-
plasticizer, so that to improve the slump retention capacity
with superplasticizer products of existing technologies.
Moreover, besides the known concrete superplasticizer men-
tioned above, air-entraining agent, bulking agent, retardants,
early strength agent, thickening agent, shrinkage-reducing
agent, defoamer and other functional additives can also be
added according to the actual needs.

The polycarboxylate superplasticizer prepared with the
method in present invention has excellent slump retention
capacity with low dosage, which both can meet the needs for
quick compensation of high performance concrete at early
age, and also can meet the needs of a long-term slump reten-
tion, effectively improving the effect and adaptability of
slump-retaining type polycarboxylate superplasticizer. At the
same time, it avoided the issue that the existing slump reten-
tion technology can only meet the needs of one aspect of
concrete slump, and reached the effect of one addition that has
solved the issue of multiple factors affecting the fluidity of
concrete simultaneously; it was an important complement to
existing technology of slump retention, and was also a sig-
nificant technological improvement in the development and
preparation of slump-retaining additives.

SPECIFIC EMBODIMENTS

The embodiments below described the process of prepara-
tion of polymerization product in accordance with the method
in the present invention, aiming to make people who are
familiar with this technology be able to understand the sub-
stance of the present invention and implement accordingly,
however, these embodiments will not limit the scope of the
present invention. The equivalent changes or modifications
made in accordance with the essence of the spirit of the
present invention should be covered within the protection
scope of the present invention.

In the embodiments of the present invention, the gel per-
meation chromatography of Wyatt Technology Corporation
is used for determination of number average molecular
weight of the polymers. (Gel column was Shodex SB806+
803 two columns in series; Eluant: 0.1M NaNO, solution;
Mobile phase speed: 0.8 ml/min; injection was 20 ul of 0.5%
aqueous solution; detector: Shodex RI-71 refractive index
detector; Standard substance: polyethylene glycol GPC stan-
dards (Sigma-Aldrich, molecular weight: 1010000, 478000,
263000, 118000, 44700, 18600, 6690, 1960, 628, 232).

In the embodiments of the present invention, unless other-
wise stated, the cement used was Onoda52.5R. P. II Cement,
the sand was medium sand with fineness modulus of Mx=2.6,
and the crushed stone was continuous grading macadam with
diameter of 5~20 mm. Carry out the cement paste fluidity test
with reference to national standard GB/T8077-2000, by add-
ing 87 g of water, measure the cement paste fluidity on the flat
glass after mixing for 3 min. Refer to the relevant provisions
ot GB8076-2008 Concrete Admixture for testing methods of
air content and water-reducing rate. Refer to the relevant
provisions of JC473-2001 Concrete Pumping Agent for
slump and slump loss.

The embodiment of the present invention has used the
compound codes referred to in Table 1:

TABLE 1

Example Compound Codes

Monomer General A-1 Polyethylene glycol vinyl
A Formula ether(molecular weight of 6000)
[¢8)] A-2 Polyethylene glycol allyl

ether(molecular weight 8000)
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TABLE 1-continued

Example Compound Codes

A-3 Polyethylene glycol methallyl
ether(molecular weight of 10000)
A-4 3-methyl-3-butene-1-alcohol polyglycol
ether (molecular weight of 12000)
Monomer General B-1 Methoxy polyethylene glycol
B Formula acrylate(molecular weight of 1000)
) B-2 Propoxy polyethylene glycol
acrylate(molecular weight of 2000)
B-3 Ethoxy polyethylene glycol
methacrylate(molecular weight of 3000)
B-4 Butoxy polyethylene glycol
methacrylate(molecular weight of 4000)
Monomer General C-1 Acrylic
C Formula C-2 Methacrylic Acid
©)
Monomer General D-1 Hydroxyethyl Acrylate
D Formula D-2 Hydroxypropyl Acrylate
4 D-3 Hydroxyethyl Methacrylate
D-4 Hydroxypropyl Methacrylate
Example 1

Add 160 g of deionized water into the glass reactor
equipped with thermometers, blenders, dropping funnel and
nitrogen inlet pipe, also add 240 g of A-1 (0.04 mol), purge the
reactor with nitrogen while stirring and warm up to 30° C. for
dissolution, then add 1.45 g of hydrogen peroxide (concen-
tration of 30%) and mix well. Then mix 80 g of B-2 (0.04
mol), 17.28 gof C-1(0.24 mol), 41.6 gof D-3 (0.32 mol), 1.2
g of mercaptoacetic acid and 40 g of water, and stir well into
monomer aqueous solution, drip it into the reactor for 2 h and
drip 40 g of aqueous solution containing 1 g of L-ascorbic
acid for about 2 h, after the dripping, keep it for thermal
insulation reaction for 2 h, and add 10 g of aqueous solution
containing 0.11 g of L-ascorbic acid, and continue the ther-
mal insulation for 1 h, cool it down to room temperature, and
then add alkali to neutralize to pH 6.8, yellow transparent
liquid with solid content of 60.4% is obtained, and its molecu-
lar weight is 50,000.

Example 2

Add 320 g of deionized water into the glass reactor
equipped with thermometers, blenders, dropping funnel and
nitrogen inlet pipe, also add 320 g of A-2 (0.04 mol), purge the
reactor with nitrogen while stirring and warm up to 45° for
dissolution, then add 15.2 g of hydrogen peroxide (concen-
tration of 30%) and mix well. Then mix 240 g of B-3 (0.08
mol), 51.6 gof C-2 (0.6 mol), 111.4 g of D-1 (0.96 mol), 0.45
g 0f 0.45 g 2-mercaptopropionic acid, 0.39 g of mercaptoace-
tic acid and 220 g of water, and stir well into monomer
aqueous solution, drip it into the reactor for 6 h and drip 140
g of aqueous solution containing 11.6 g of sodium formalde-
hyde sulfoxylate for about 6 h, after the dripping, keep it for
thermal insulation reaction for 2 h, and add 30 g of aqueous
solution containing 1.3 g of sodium formaldehyde sulfoxy-
late, and continue the thermal insulation for 1 h, cool it down
to room temperature, and then add alkali to neutralize to pH
7.2, yellow transparent liquid with solid content of 49.6% is
obtained, and its molecular weight is 42,000.

Example 3
Add 320 g of deionized water into the glass reactor

equipped with thermometers, blenders, dropping funnel and
nitrogen inlet pipe, also add 60 g of A-1 (0.01 mol) and 200 g
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of A-2 (0.02 mol), purge the reactor with nitrogen while
stirring and warm up to 50° for dissolution, then add 10.7 gof
hydrogen peroxide (concentration of 30%) and mix well.
Then mix 300 g of B-4 (0.075 mol), 45.4 g of C-1 (0.63 mol),
109.2 g of D-2 (0.84 mol), 4.3 g of mercaptoacetic acid and
300 g of water, and stir well into monomer aqueous solution,
drip it into the reactor for 4 h and drip 200 g of aqueous
solution containing 9.9 g of L-ascorbic acid for about 4 h,
after the dripping, keep it for thermal insulation reaction for 2
h, and add 50 g of aqueous solution containing 1.1 g of
L-ascorbic acid, and continue the thermal insulation for 1 h,
cool it down to room temperature, and then add alkali to
neutralize to pH 7.0, yellow transparent liquid with solid
content of 45.2% is obtained, and its molecular weight is
64,000.

Example 4

Add 450 g of deionized water into the glass reactor
equipped with thermometers, blenders, dropping funnel and
nitrogen inlet pipe, also add 300 g of A-4 (0.025 mol), purge
the reactor with nitrogen while stirring and warm up to 60° for
dissolution, then add 11.9 g of hydrogen peroxide (concen-
tration of 30%) and mix well. Then mix 100 g of B-1 (0.1
mol), 86 g of C-2 (1 mol), 216 g of D-4 (1.5 mol), 13.9 g of
0.45 g 3-mercaptopropionic acid and 300 g of water, and stir
well into monomer aqueous solution, drip it into the reactor
for 5 h and drip 200 g of aqueous solution containing 7.3 g of
sodium formaldehyde sulfoxylate for about 5 h, after the
dripping, keep it for thermal insulation reaction for 2 h, and
add 50 g of aqueous solution containing 0.81 g of sodium
formaldehyde sulfoxylate, and continue the thermal insula-
tion for 1 h, cool it down to room temperature, and then add
alkali to neutralize to pH 6.5, yellow transparent liquid with
solid content of 39.6% is obtained, and its molecular weight
is 34,000.

Example 5

Add 560 g of deionized water into the glass reactor
equipped with thermometers, blenders, dropping funnel and
nitrogen inlet pipe, also add 240 g of A-1 (0.04 mol), purge the
reactor with nitrogen while stirring and warm up to 40° for
dissolution, then add 10 g of hydrogen peroxide (concentra-
tion 0f30%) and mix well. Then mix 360 g of B-3 (0.12 mol),
55 g of C-2 (0.64 mol), 138.3 g of D-4 (0.96 mol), 1.9 g of
2-mercaptopropionic acid and 700 g of water, and stir well
into monomer aqueous solution, drip it into the reactor for 3
h and drip 440 g of aqueous solution containing 8.4 g of
L-ascorbic acid for about 3 h, after the dripping, keep it for
thermal insulation reaction for 2 h, and add 100 g of aqueous
solution containing 0.93 g of L-ascorbic acid, and continue
the thermal insulation for 1 h, cool it down to room tempera-
ture, and then add alkali to neutralize to pH 7.4, yellow
transparent liquid with solid content of 29.8% is obtained,
and its molecular weight is 75,000.

Example 6

Add 300 g of deionized water into the glass reactor
equipped with thermometers, blenders, dropping funnel and
nitrogen inlet pipe, also add 240 g of A-2 (0.03 mol), purge the
reactor with nitrogen while stirring and warm up to 60° for
dissolution, then add 5.6 g of hydrogen peroxide (concentra-
tion 0f30%) and mix well. Then mix 120 g of B-1 (0.12 mol),
64.8 g of C-1 (0.9 mol), 195 g of D-3 (1.5 mol), 6.1 gof 0.45
g mercaptoacetic acid and 200 g of water, and stir well into
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monomer aqueous solution, drip it into the reactor for 4 h and
drip 200 g of aqueous solution containing 3.4 g of sodium
formaldehyde sulfoxylate for about 4 h, after the dripping,
keep it for thermal insulation reaction for 2 h, and add 50 g of
aqueous solution containing 0.38 g of sodium formaldehyde
sulfoxylate, and continue the thermal insulation for 1 h, cool
it down to room temperature, and then add alkali to neutralize
to pH 7.1, yellow transparent liquid with solid content of
44.9% is obtained, and its molecular weight is 28,000.

Example 7

Add 240 g of deionized water into the glass reactor
equipped with thermometers, blenders, dropping funnel and
nitrogen inlet pipe, also add 360 g of A-4 (0.03 mol), purge the
reactor with nitrogen while stirring and warm up to 40° for
dissolution, then add 27.2 g of hydrogen peroxide (concen-
tration of 30%) and mix well. Then mix 360 g of B-4 (0.09
mol), 72.3 g of C-2 (0.84 mol), 167 g of D-1 (1.44 mol), 7.6
g of 3-mercaptopropionic acid and 200 g of water, and stir
well into monomer aqueous solution, drip it into the reactor
for 5 h and drip 150 g of aqueous solution containing 15.2 g
of'L-ascorbic acid for about 5 h, after the dripping, keep it for
thermal insulation reaction for 2 h, and add 40 g of aqueous
solution containing 1.7 g of L-ascorbic acid, and continue the
thermal insulation for 1 h, cool it down to room temperature,
and then add alkali to neutralize to pH 7.5, yellow transparent
liquid with solid content 0o 59.1% is obtained, and its molecu-
lar weight is 59,000.

Comparison Example 1

Add 120 g of deionized water into the glass reactor
equipped with thermometers, blenders, dropping funnel and
nitrogen inlet pipe, also add 96 g of APEG (0.04 mol) with
molecular weight of 2400, purge the reactor with nitrogen
while stirring and warm up to 50° for dissolution, then add
15.2 g of hydrogen peroxide (concentration of 30%) and mix
well. Then mix 240 g of B-3 (0.08 mol), 51.6 g of C-2 (0.6
mol), 111.4 g of D-1 (0.96 mol), 0.9 g of 0.45 g 2-mercapto-
propionic acid and 460 g of water, and stir well into monomer
aqueous solution, drip it into the reactor for 6 h and drip 100
g of aqueous solution containing 11.6 g of sodium formalde-
hyde sulfoxylate for about 6 h, after the dripping, keep it for
thermal insulation reaction for 2 h, and add 20 g of aqueous
solution containing 1.3 g of sodium formaldehyde sulfoxy-
late, and continue the thermal insulation for 1 h, cool it down
to room temperature, and then add alkali to neutralize to pH
7.2, yellow transparent liquid with solid content of 41.8% is
obtained, and its molecular weight is 53,000.

Comparison Example 2

Add 200 g of deionized water into the glass reactor
equipped with thermometers, blenders, dropping funnel and
nitrogen inlet pipe, also add 300 g of A-3 (0.03 mol), purge the
reactor with nitrogen while stirring and warm up to 60° for
dissolution, then add 2.9 g of hydrogen peroxide (concentra-
tion 0f30%) and mix well. Thenmix 17.3 g of C-1 (0.24 mol),
31.2gofD-2(0.24 mol), 1.4 gofmercaptoacetic acid and 100
g of water, and stir well into monomer aqueous solution, drip
it into the reactor for 4 h and drip 120 g of aqueous solution
containing 2.4 g of L-ascorbic acid for about 4 h, after the
dripping, keep it for thermal insulation reaction for 2 h, and
add 20 g of aqueous solution containing 0.27 g of L-ascorbic
acid, and continue the thermal insulation for 1 h, cool it down
to room temperature, and then add alkali to neutralize to pH
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7.3, yellow transparent liquid with solid content of 50.1% is
obtained, and its molecular weight is 48,000.

Comparison Example 3

Add 500 g of deionized water into the glass reactor
equipped with thermometers, blenders, dropping funnel and
nitrogen inlet pipe, also add 240 g of A-1 (0.04 mol), purge the
reactor with nitrogen while stirring and warm up to 30° for
dissolution, then add 4.4 g of hydrogen peroxide (concentra-
tion 0f30%) and mix well. Then mix 360 g of C-3 (0.12 mol),
41.3 g of D-2 (0.48 mol), 2.7 g of 3-mercaptopropionic acid
and 500 g of water, and stir well into monomer aqueous
solution, drip it into the reactor for 3 h and drip 400 g of
aqueous solution containing 4.1 g of L-ascorbic acid for about
3 h, after the dripping, keep it for thermal insulation reaction
for 2 h, and add 50 g of aqueous solution containing 0.45 g of
L-ascorbic acid, and continue the thermal insulation for 1 h,
cool it down to room temperature, and then add alkali to
neutralize to pH 6.8, yellow transparent liquid with solid
content of 30.4% is obtained, and its molecular weight is
49,000.

Application Example 1

12
TABLE 2-continued

Cement Paste Fluidity Test

Cement Paste Fluidity/mm

No. Dosage/% 0 min 60 min 120 min 180 min
Example 7 0.1 142 264 305 312
Comparison 0.1 156 198 214 223
Example 1

Comparison 0.1 143 150 248 286
Example 2

Comparison 0.11 179 298 251 176
Example 3

Table 2 shows that the polycarboxylate superplasticizer of
the present invention can perform continuous dispersion to
cement at low dosage, while the following issues have
encountered with the proportioned polymer, such as smaller
dispersing capacity growth range, insufficient release capac-
ity at early age and inadequate dispersing capacity at later
age.

25
Cement paste fluidity test: Refer to GB/T8077-2009, using Application Example 2
300 g of Onoda 525R.P.II cement, 87 g of water, detailed test
data are shown in Table 2.
Setting time, air content and slump test: the determination
TABLE 2 4o Ofair content was carried out in accordance with relevant test
methods in GB8076-2008 “Concrete Additives”; in accor-
Cement Paste Fluidity Test dance with relevant methods in JC473-2001 “Concrete
Cement Paste Fluidity/mm Pumping Agent”, the determination of slump and over time
change of slump for 60 min, 120 min and 180 min were
No. Dosage/% ~ Omin ~ 60min  120min 180min 35 carried out to the fresh concrete prepared with products of the
Example 1 0.1 120 245 288 305 present invention and two kinds of commercially available
Example 2 0.1 134 250 292 310 high-performance slump retention agents, the dosage of poly-
Example 3 0.1 131 240 278 299 carboxylate superplasticizer was fixed as 0.12% of the
Example 4 0.1 118 229 280 300 .
Example 5 01 125 258 300 308 amount of cement, and the amount water was adjusted so that
Example 6 0.1 127 236 291 305 40 the initial slump of the fresh concrete was 15+1 cm, experi-
mental results were shown in table 3.
TABLE 3
Properties of Concrete
Setting Time/h:min _ Fresh concrete slump/development cm
Polycarboxylate Dos-  AirCon- Initial Final 0 60 120 180
Superplasticizer age/% tent/% Setting  Setting min min min min
Example 1 0.12 45 7:25 9:30 152 19.842 22553  21.8/51
Example 2 0.12 4.7 7:10 9:24 145 19.540  21.8/52  22.0/50
Example 3 0.12 3.9 7:45 9:40 148 20.043  222/54  21.5/48
Example 4 0.12 4.0 6:58 8:53 154  20.1/42  22.5/53  21.6/51
Example 5 0.12 43 7:33 9:18 146 19.538  21.6/49 22.4/51
Example 6 0.12 45 7:13 9:15 158 21.045  234/56 22.8/54
Example 7 0.12 4.1 7:36 9:22 150 20342 224/52  21.8/52
Comparison 0.12 4.2 7:55 9:47 154 188 20.3/38  19.8/36
Example 1
Comparison 0.12 4.0 7:26 9:14 148 152 21.0/45  21.1/48
Example 2
Comparison 0.12 43 7:42 9:39 157 21.4/45 20038 184
Example 3
RX 0.15 5.1 8:26  10:13 153 19.540  20.2/43 188
BK 0.15 4.1 7:23 9:12 149  20.1/41 18.2 12.1
Note:

RX: commercially available slump product of foreign company; BK: commercially available slump product of a domestic

company.
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These tests showed that the concrete superplasticizer of the
present invention can achieve remarkable performance of
slump retention at low dosage; compared with similar prod-
ucts commercially available, it had longer period of slump
retention and little impact on the setting time of concrete.

Application Example 3

In order to better characterize the slump retention capacity
of the polycarboxylate superplasticizer prepared with the
method of the present invention, Application Example 1,
Application Example 4, RX (slump-retaining product of a
well-known foreign company) and PC-1 (commercial avail-
able polycarboxylate superplasticizer) were compounded
and compared in the capacity for improvement in the slump
retention capacity of conventional polycarboxylate super-
plasticizer. The test was carried out in accordance with the
relevant method in JC473-2001 “Concrete Pumping Agent”,
the fixed conventional dosage of superplasticizer was 0.1% of
the weight of concrete cementitious materials, the initial
slump of fresh concrete was adjusted to 21x1 cm through
adjustment of water dosage, the experimental results are
shown in Table 4.

TABLE 4

Fresh concrete slump/development (cm)

Sample Dosage/% 0 min 60 min 120 min 180 min
21.1/42 16.5 8.9 —
Example 1 0.02 21.0/41 19.8/36 18.6 15.4
Example 1 0.04 20.8/40 21.3/42 20.8/40  19.7/35
Example 1 0.06 20.5/42 21.2/46 20.9/44  204/41
Example 1 0.1 21.3/41 22.5/52 22.8/54  22.0/51
Example 4 0.02 21.1/42 19.5/37 18.5 15.9
Example 4 0.04 21.6/43 22.4/48 21.6/44  20.4/40
Example 4 0.06 20.9/41 22.4/50 21.9/48  21.4/46
Example 4 0.1 20.8/42 23.1/54 22.7/57  22.6/55
RX 0.02 20.8/42 18.1 15.2 8.4
RX 0.04 21.3/42 20.1/40 19.2/35 16.3
RX 0.06 21.0/40 21.2/41 20.4/38 18.2
RX 0.1 21.2/41 22.0/46 21.5/45  19.5/35

Note:
RX: commercially available slump product of foreign company; PC-1: commercially avail-

able water-reducing product.

Raw materials, and the upper and lower values of the raw
materials cited for the present invention have led to the inven-
tion, and embodiments will not be enumerated here.

The invention claimed is:

1. A slump-retaining polycarboxylate superplasticizer,
having a weight-average molecular weight of 20,000 to
80,000, obtained by polymerization of monomer A, monomer
B, monomer C and monomer D in an aqueous solution and in
the presence of a redox initiator, wherein a molar ratio (mono-
mer A+monomer B):monomer C:monomer D is 1:3~8:4~12,
wherein, a molar ratio of monomer A and monomer B is
1:1~4, and said monomer A is represented by general formula

(D)

M
Ry
H

| H
H,C=—=C—X—C —C —0O > H

wherein R, represents H or CH;; X represents O, CH,O or
CH,CH,O; p represents an integer between 110 and
350; and said monomer B is represented by general
formula (2):
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@
R

> O
Ll H I
H,C=C—C—0—C —C —O0}—R;

wherein R, represents H or CH;; R, represents alkyl hav-
ing carbon number of 1~4; n represents an integer
between 20 and 90; and said monomer C is represented
by general formula (3):

&)
Ry

H,C=C—C—OM

wherein, R, represents H or CH;; M represents hydrogen
atom, alkali metal ion, alkaline earth metal ion, ammo-
nium ion or organic amine group; and said monomer D
is represented by general formula (4):

@
Rs O CH;

H

5
H,C=C—C—0—C —C —O)c C —CH—Oy H

in formula (4), R5 represents H or CH;; x=0or 1, y=Oor 1,

and x and y don’t equal to 0 or 1 simultaneously.

2. The superplasticizer of claim 1, wherein, p represents an
integer between 135 and 230.

3. The superplasticizer of claim 1, wherein, the monomer A
is selected from polyethylene glycol vinyl ether, polyethylene
glycol allyl ether, 3-buten-1-alcohol polyglycol ether, poly-
ethylene glycol methallyl ether and 3-methyl-3-butene-1-al-
cohol polyglycol ether, or a mixture of any two in any pro-
portions.

4. The superplasticizer of claim 1, wherein, the monomer B
is selected from methoxy polyethylene glycol acrylate,
ethoxy polyethylene glycol acrylate, propoxy polyethylene
glycol acrylate, butoxy polyethylene glycol acrylate, meth-
oxy polyethylene glycol methacrylate, ethoxy polyethylene
glycol methacrylate, propoxy polyethylene glycol methacry-
late and butoxy polyethylene glycol methacrylate.

5. The superplasticizer of claim 1, wherein, the monomer C
represents acrylic or methacrylic acid.

6. The superplasticizer of claim 1, wherein, the monomer D
is selected from hydroxyethyl acrylate, hydroxypropyl acry-
late, hydroxyethyl methacrylate and hydroxypropyl meth-
acrylate.

7. The superplasticizer of claim 1, wherein, in the redox
initiator, the oxidant is hydrogen peroxide of a mass concen-
tration not higher than 30%, the reducing agent is selected
from one of sodium bisulfite metabisulfite, sodium bisulfite,
sodium dithionite, ammonium ferrous sulfate, L-ascorbic
acid, arabo-ascorbic acid and sodium formaldehyde sulfoxy-
late, the oxidant concentration is at 2~10% of the total num-
ber of moles for monomer A, monomer B, monomer C and
monomer D, the reducing agent concentration is at 0.5~5% of
the total number of moles.

8. The superplasticizer of claim 7, wherein the reducing
agent in the redox initiator is L-ascorbic acid or sodium
formaldehyde sulfoxylate.

9. The superplasticizer of claim 1, wherein the temperature
for the polymerization is 30~60° C., and the polymerization
timeis Shto 10 h.
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10. The superplasticizer of claim 1, wherein the weight-
average molecular weight of the superplasticizer is controlled
by adding a chain transfer agent selected from mercaptoetha-
nol, mercaptoacetic acid, 2-mercaptopropionic acid, 3-mer-
captopropionic acid, or a mixture of two thereof in any pro- 5
portions, and the concentration of the chain transfer agent is
0.5~5% of the total number of moles of monomer A, mono-
mer B, monomer C and monomer D.
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